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SUMMARY

A mock-up injection impeller was designed and tested to Investi-
gate the hydraullic characteristics and limitations of the NACA
injection impeller designed for an 18-cylinder double-row radial
alr-cooled engine having a normal rating of 2000 brake horsepower
at 2400 rom. In eddition to determining the form and magnitude of
the critlical factors of fuel-transfer leakage and peripheral fuel
distribution in the original unit designed for the engine, an investi-
gatlion was made of the effects of design varlations in the component
parts of the system on these hydraulic characteristics. Peripheral
distributlon, as indicated by the method of collection, was satis-
factory 1n the original design over the entire range of engine opera-
tilon. Transfer-leakage characteristics were also satisfactory but
were found 1n subsequent test units to be sensitive to certaln deslgn
changes. Regults of these expanded tests led to the establishment
of some basic deslign criterions and limitations for this type of fuel
injJection system. From these design principles, several revislons 1n
the nozzle ring, the collector cup, and the impeller fuel-distributlion
annulus of the original-design unit were made to improve the fuel-
transfer, fuel-pumping, and fuel-equalizing characteristlcs of the
unit,.

INTRODUCTION

At the request of the Alr Technlcal Service Commend, Army Alr
Forces, a general investigation of means to improve the cooling of
an 18-cylinder double-row radial air-cooled engine is belng conducted
at the NACA Cleveland laboratory. The NACA injection impeller,
developed as part of this investigation (see reference 1), was
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designed and first used to improve the cooling of thes engine by improv-
ing the fuel-alr mixture distribution. Thie injJection-impeller design,
through a sultable transfer system, introduces the fuel under the
actlion of centrifugal force into the disctavge portions of the impeller
air passages. The fuel 1s thus discharged into the air-flow system

in e region of high tcmpersture and veloclty.

The effectiveness of the NACA inJjection impeller in reducing
meximum cylinder-head temperatures depends upon the degrse of
uniformity of the resulting cylinder fuel-alr mixtures. This
variation in fuel-alr mlixture is a function of the uniformlty of
both the alr distrivution in the intake system anl the fuel distri-
bution as establishad by lwmpeller injection. Because these factors
were not separately defined in the original tests, a program wes
set’ up to Investigate the factor of fuel distribution establlished
by the bydraulic system of ths KACA injection impeller.

Injection~impeller fuel dlstribution 1s principally affected
by tranafer-leakege form and magnltude and peripheral discharge
gymmetry. These bydraullc chsractexristics were determined for the
original NACA injection impeller designed for the double-row radlal
englne and the effects of alterations of the component parts of the
unlt were investigated. From the results of this investigatlon, deslgn
criterions and 1limiting conditlons for the hydraulic system can be
established. In additlon to their use 1ln providing the basis for
substantial Improvemsnts in the hydraulic characteristics of the
NACA Injectlion Impeller for the engine, these criterions and limlta-
tions can be employed In the comstruction of this type of inlection
Impeller for use In any eilrcraft engine having cooling of otker
difficultlies that arise from a nonuniform fuel distribution.

APPARATUS

In order to facilitate the investigatlion of the hydreullcs of
the NACA injection impeller, a mock-up containlng the complete fuel-
passage system but without the alr passages of the bladed Impeller
wag constructed. The use of the mock-up injection impeller made
possible a simple test instellation and prcvided greater flexibllity
for design changos in botih the lmpeiler sxnd fuel-transfer sectlons
than would have been poussible with the tladsd lmpsller. Sectional
views of the NACA injectlon-impeller insteliatlon for the R-3350
engline and the hydraulic mock-up installation for this Ilmpeller
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are shown for compafison In figure 1.. The outer dilameter of the
mock-up..impeller is equal to the dlamster at the polnt of disoharge
of the fuel into the alr streams of the bladed impeller,

Because leakage between the stationary nozzle ring and the
rotating collector ocup (fig. 1) was expected, the mock-up impeller
tost rig was so designed that thils fuel-transfer leakage upstream
of the Impeller could be satlgfactorily collected and measured. In
an actual engine imstallation, any fuel leaking from the tranefer
section would be thrown out in a spray similar to that from a slinger
ring and would thus be drawp i1nto the impeller with the entering air.
Although the effects of impeller uir flow and of dlscharge-stream
impingement against the impeller blades could not be deflned in the
mock-up tests, it 1s expected that the presence of impeller blading
and channel alr flow has no appreclable effect on impeller fuel
distributlion.

An alternate deslgn involving the introduction of fuel directly
into the impeller fuel-distribution annulus from the rear or web
secticn of the immeller was also constructed and i1s shown 1In fig-
ure 2. This direct~-flow unlt, which eliminated the functional neces-
8lty of the vaned collector cup and the fuel-transfer passages
through the body of the impeller, had a statlonary nozzle ring
concentrically mounted around the impeller shaft end to transfer
the fluid symmetrically into the impeller annulus. The nozzle-ring
tubing, shown in the figure in a vertical plane, was lnstalled in a
horizontal position in the installations for both the direct-flow
(fig. 2) and original (fig. 1(b)) mock-up units.

TEST SETUP

Injection-impeller installation. ~ The mock-up impeller was
tosted in a test installation that incorporated an electric driving
dynamometer and step-up gear box. In the Interests of safety,
water was used for the mock-up tests instead of gasoline and a
density correction was applied to welght-flow data. The quantity
of water metered to the external tubipg connections of the nozzle
ring was controlled by conventional valves and the water-flow regu-
lation was therefore independent of the impeller speed. A rotameter
measured the weight flow of water delivered.

Transfer-leakage collector. - The fluld transfer leakage was
collected in a drum-type chamber bolted to the gear box head and
concentrically mounted around the collector-cup nozzle-ring section
(fig. 1(b)). A seal ring located on the collsctor cup prevented any
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passage of liquid from the impeller-discharge-distribution collector
into the leakage collector. The transfer-leakage cullector was
fitted with a breather vent, a drain tube, and two transparent
prlastic side windows. These windows permitted visual observation

of the form and magnitude of the transfer-leakage spray sheet and,
iun addition, provided access for assembly-~cleararce measurements.

Discharge-distribution collector. - The collector for deter-
mining impeller-discharge distribution (fig. 1(b)) is a cylindrical
drum divided into flve equal chembers, numbered from 1 to 5 in the
direction of impeller rotation beglnning at the bottom. Because of
the difficulties involved in dralnage and inter-chamber leakage
through the recelving annulus, 1t 1s not feaslible to divide the
collector into more than flve chambers,

The water leaving the lmpeller peripiery is dlscharged irto the
chambers through a recelving annulus consisting of two radially
converging lips welded to the lnner sldes of the chamber partlitions.
The recelving annulus extends clrcumferentially around the mock-up
impeller directly in line with the discharge streams. The outer or
converged opening of the recelving annulus 1is slightly wider than
the estimated thickness of the water jets in order to induce a high
velocity alr flow with the emitting streams. This alr swirl due to
impeller rotation reduces the tendency of the liquid to drip back
through the annulus opening. A drailn is provided for any water or
spray that might drlp down the annulus lips or into the central
section of the collector.

Each chamber is fitted with an alr vent and with drain tubes,
which lead to a collecting tank stand. This tank stand 1s constructed
to permit the taking of simultaneous collection readings for each of
the five chambers. On the besis of an inspection of collector
operation and chamber-partition construction and spacing, it 1s
estimated that the accuracy of chamber deviation readings is approxi-
mately 1 percent.

Discharge collector for direct-flow-impeller installation. -
An alternate drum-type discharge colloctor with a face plate con=-
taining the mounting supports for the nozzle-ring sectlon and the
onclosing leakage collector was used for the tests of the dlrect-
flow unit (fig. 2). Accessory parts are installed on the impeller
rear face to deflect the flow into the lmpeller fuel-distribution
annulus and to sling the trarsfer leakage into the collector.

The face-plate assembly of the collector can be revlaced by a
transparent plastic window in order to provide visual observation of
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the lmpeller discharge of the original design units.. Further inspec-

"“tion 'of the nature of the discharge .streams by photographic and -

stroboscopic examination is thus permitted.

Moasurements. - The symmetry of the peripheral dlstribution was
recorded as the perceuntage deviation of each chamber from the average
flow collected in the five chambers. The rate of flow into each
chamber- or sectlon of the collector was calcvlated from individual
bucket welghte taken simultaneously over a suitable length of time.
All data are expressed as a gasolline-weight flow equivalent to the
volume of the measured welght of water.

Dynamometer speed, as measured by en electrically actuated
revolution counter and a stop watch, was adJusted to maintain
impeller speeds equivelent to those corresponding to englne operating
sveeds. Impeller overation is therefore expressed in terms of englne
speed and gasoline flow.

Nozzle--ring water preesure was measured by a statlic-pressure

tap at the bottom of the ring connected to water or mercury manom-
eters.

TESTS

Fuel-flow test points over the established renge of engipe
overation used in the mock-up tests were based on engine menufac-
turer's date and were taken to include the rated operation points
run for the tests of the double-row radial engine using the NACA
Injection impeller. Mock-up fuel-flow values at engine speeds of
2600 and 2800 rpm were increased to include approximately 40 and
60 percent water injectlion, respectively. The normal range of
engine operation was established in the moeck-up tests as the test
fuel-flow polnte corresponding to engine speeds from 2000 to
2800 rpm.

Distribution tests included ome run of test fuel flows at eight
engine speeds from 600 to 2800 rpm and four runs over a full fuel-
flow range at constant engine speseds of 2000, 2200, 2400, and 2800 rpm.
Many of the fuel-flow test points were included in each congtant speed
run, thus providing additional date for constant fuel-flow analysis.

Tranasfer-leakage testa were run at éguivalent gasoline flow rates
of 50 to 3200 pounds per hour at engine speeds of 1400, 2000, 2400,
and 2800 rpm. leakege data were also obtained from distribution
tosts.
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In order to obtain vlsual observatlon of the flow patterms of
the discharge streams leaving the nozzle ring, etationary bench-flow
teats over the full range of fuel flow were conducted on the several
nozzle rings. An indilcatlon of the transfer-leakage and flow-symmetry
characteristics of a nozzle ring was thus obtained.

Other special investigatious included visuel pattern tests
obtainod by passing a fluld dye through the hydraulic system, accuracy
teste on the installation iiself to determine the effect of alter-
ations In the test setup, and a leakage and distribution runm at an
engine speed of 200 rpm to determine injectlon-impeller performance
at englne starting conditlons.

HYDRAULIC CHARACTERISTICS OF NACA INJECTION IMPELLER
FOR DOUBLE-ROW RADIAL ENGINE

Flow capacity end leakage. - The transfer leakage (fig. 3)
between the nozzle ring and the collector cup (fuel.-transfer unit)
in the NACA injection impeller for the double-row radial englne was
relatively high &t low flcws, gradually decreased to a minlimum value,
and incresased again at high flows, An increase in englne speed
decreased the leakmge at both high and low flowe and incireased the
range of minimum leakage. In general, the transfer-leakage charac-
teristices of the orlglnal deslgn were satlsfactory for use in con-
Junction with the englne, with leakage of less than 5 percent over
the normal englne operating range. Leekages are glven as percentages
of total flow.

Vlisual inspection of the operation of the mock-up unlt showed
that, in the normal range of engine operation, the small amount of
leaknge was in the form of & flne peripheral sheet. In an engilne
therefore this leakage would be readlly atomized and distributed
wlth a reasonable degres of uniformity into the 1mpellexr entrance.

Pherlpheral dlstribution of fuwel. - Peripheral fuel distribution
for the NACA injJectlon impeller was satlsefactory 1n the mock-up
impeller tests for use 1n conjunction with the engine. The varilation
in the fuel dlscharge for the establlshed test range of onglne opera-
tion 1s shown in figure 4(a); figures 4(b) and (c) show results of
typical constant-speed and constant-flow runs. The values of maxlmum
deviation from symmetrical distributlion found In these tests of the
original Impeller are listed in the following table:
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. MEXTMUM PERCENTAGE DEVIATION FROM AVERAGE FUEL-DISCHARGE

DISTRIBUTION IN ORIGINAL NACA INJECTTON IMPELLER

FOR DOUEEE%ROW RADIAT, ENGINE

~ Fuel f1 z
Enh\ l(,‘I‘n/h.r()m

spoed 300! 433} 575| 925]1510{2032}2600C|3198
~
{rpm) ~
200 9.31
1400 9.47
2000 9.78|7.253.79{2.72|3.04
2200 9.56{5.97]2.2914.04,3.71
2400 i |8-8916.08]3.2513.69}3.03
2800 | _ 15.4916.13]3.93]2.21{3.00

From an Inspection of the constant-speed results, it can be seen
that the distributlion symmetry lmprovea wilth increasling rales cf
flow, with the trend especlally notliceable at very low flow rates.
Constant-fuel flow data show & slight tendency for the distribution
to become poorer wlth increasiag engine speeds.

Starting conlitions. -~ The mock-up injJection-impeller unit,
vhen tested at starting ccnditlons of an engine speed of 200 rpm
and at a fuel flow cf 3C0 pounds per hcur, showed that the maximum
variation from sverage distribution was approximately 10 percent and
leakaze approximetely 15 percent. It 1s expected that no starting
difficulties should result from the use of a fuel-injection impeller
cf this type.

PERFORMANCE EFFECT OF DESIGN CHANGES

General leakage characteristics. - In all injection-impeller
tests, the variation in fuel-transfer leakage followed the general
trend shown in the curves of figure 3. The magnitude of the leakage
at low fuel flows was, to.a large extent, a functlon of the nozzle-
ring design. In bench-flcw tests of thls original nozzle ring, all
the fluid emitting from the holes d1d not flow clear of the nozzle-
ring face 1n the form of Jets untlil a substantlal flow was reached
(approximately 900 1lb/hr). At flows less than 900 pounds per hour,
much of the fluid drlpped dlrectly down the face of the ring and
leaked out through the clearance between the nozzle ring and the
collector cup., The drip was a result of ilnsufficient flow, gravi-
tation, and local flow concentration in the region of the inlet-
tubing connections.
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The critical fuel-flow rate of abort €00 pounds psr hour, as
determined fram bench-flow tests, generally marked the transition
to the minimum-leskage range (fig. 3). In this minimm-leakage
portion cf the flow range, nozzle-ring Jet velocity was sufficilent
to prevent direct dripping down the ring face and the leakage was
primarily a result of Jet divergence. gravitatlion, amd entrance
splashing.

The increased leainge at high flowes was due to the inability
of the collector cup and fiel-induction vanes to pump the larger
amounts ¢f fuel without overlcading tho cup. Iasufficient rotation
was ‘mpartad to the fusl by tue fuel-induction venes; thus, fuel
rotation at the entrance to the collecter-cup discharge holes wes
not oqual to cup rotation. This sl'p, in additicn to a small change
in axial-flow velecclty thecugh the cup, hydraulically limited the
quantlty of fuel that cculd be dellvered by the cup for a given
rotational speuvd. Anotler factor dvte.mining flow capaclty was the
alr flow thrcugh the imyelier paseaycs. oSecavse the fuel flow did
not completel; f£ill tho rassages. alr wos pumped through the hydrau-
lic system from the ccllector cup-nozzle ring-clearance space, thus
carsing o pressure dirfereantial or suction across the clearance
gpeco and tirough the colloctor cup. The alr flow thus lnduced
increased the fuel disciarge from the collecuor cup and was also
effectlve in reduclng fuel-trarsfer losses across the clesrance gap.
Tae resultant of the Induced alr flow ard the fluld-rotation effects
duotermined the capecity of the collector cup Lefore overflcw and
leekage cccurrod.

Becauso fluid rotation and air-suction offect ere functicns of
rotational spaed, leakage ratus wore lower for nigh engine speeds
than fcr low ongins spveds (fig. Z). A restriction of the impeller-
passags -l flcw, as shown in the mock-up tests, increused lsekage
at high fuel flows.

Collector -cup and nozzle-ring design. - Tests of various modl-
fications of the original : injection -Impeller unit indlcated that
loakage characteristics, perticularly at high fuel flows, can be
substantially improved by providing greater pumping aection in the
collector cup. A cup of ruvised design incorporating greater
pumping action rosulted in the total eliminatlion of the increasing
loakage tendencles at high flows, as shown in figure 5. These
curves, based on the original impeller for the double-row radlal
englnoe, show loaknge velues less than 5 percent over the entire
spoed range at fuel flows from 630 to 3200 pounds per hour and
values of about 1 percent at the higher flow rates. This high-
flow characteristic 1s vo.y deslrable for the development of, large
power outputs, especially when water inJjection is incorporated.
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The principal deslgn feature of this improved cup was the
increase. in the number of fuel-inductlon spacer vanes from 11 to 16
and the increase in radial height of the vanes to extend completely
across the passage. The marked effect of the increased pumping
ectlion provided by the full vanes was clearly demonstrated by a
test of the revieed collector cup in which the complete-removal of
the fuel-induction vanes resulted in the reappearance of the large
inorease in leakage at high fuel flows and a leakage similar to that
for the original collector cup.

Another design feature of the revised cup included a maximum
increase in raduis through the ocup with a rapld increase in radius
at the entrance, thus providing a maxirum axial centrifugal-force
componsnt. When the nozzle ring was redesigned to lncorporate
Blotted discharge orifices at a minimum radius, a correspondingly
emall cup entrance area at minimum radlus was obtained. Thile area
reduction resulted in a high- velocity alr inflow with the entering
Jets at the collector-cup entrance.

Analysis of performance results also 1ndlcated that Improved
leakage characteristics in the low-flow and minimum-leakage range
could be obtained by restricting the nozzle-ring discharge area and
thereby increasing the discharge-Jet veloclty. A nozgzle ring with
slotted discharge orifices of a total area equal to approximately
one-fourth that of the unit originally designed for the engine was
tested in conjunction with the original-design collector cup and
Impeller. The unit incorporating this nozzle ring had excellent
leakage characteristics, reducing the minimum leakege from a value
of 2 percent to less than 0.5 percent and maintaining a leakage of
less than 1 percent in the normal fuel-flow range from 1000 to
2000 pounds per hour. The increase in nogzle-discharge-Jet veloclty
was not effective in reducing leakage in the high-flow range. At an
equivalent fuel flow of 2000 pounds per hour, the pressure drop
across the nozzle-ring discharge orifices rose to 48 lnches of
mercury as compared with 4.1 inches of mercury requlired by the
original nozzle ring for the engine. The use of a reduced-area
ring, because of 1ts excessive pressure requirements, might.
necessltate carburetor and fuel-pump adjustments.

Another method of improving low-flow leakage characteristice
incorporated a circumferential 1llp at the outer radius of the nozzle-
ring slots, vhich extended axilally into the collector-cup-entrance
annulus. The prevention of the direct leakage of fluld through the
clearance space by this method of collector-cup nozzle-ring overlap
had a marked effect on low-flow leakege values up to 1000 pounds per
hour. A slotted nozzle ring with a lip, tested wlth the original
impeller and collector cup, conslderably reduced the low-flow leakage
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found for this seme.installation without the lip. In these tests,
the 11p featwre had no effect on high-flow leakage tendenciee. A
unit cambining both a metiod of overlup and the entrance featurss
of the revised collector cvp, however, could not be developed

bevause of the spaco limjtations of the injoction-impeller
ingtallation 1n the engine.

Nozzle-ring pressure, -~ Corelation of the mock-up injectlon-
impeliei tests and penck-flow tests of tine nozzle ring showed that
nozzle-ring pressure requiraments could be determined from static
tests; that 1s, the centrifugal action of the impeller and the
variatlon In clearance alr flow 4dld not measurably affect the
pressure drop ac.'oss the nozzle-ring discharge orifice. The effect
of the form of discuarge orillice war also neglligible, as two similar
nozzle rings with equal discusrge areas, one wlth clrcular hcles
and the other witk rectangular slote, lad neerly the sams pressure
requirements. For the scope and couditione of the tests fuel
metering was therefore a function of orifice area and dlacharge heed.
Results of the pressure investlzation showed that the pressure drop
of the nozzle ring designed for the engine was in the allowable
range for satlsfactory .fuel metering without extensive alterations
to standard carbuiotors.

Impellier fuel-transfer passages. - The inclined fuel-transfer
passages of tae mpeller act as a centrifugal pump in transferring
the fuel flow from the collectcr cup to the distributlion annulus.
Results of tests and analyses indicated that a max'mumm lncrsass in
radius and an adequate transfer passage area are deslrabis, A reduc-
tion in the mmber of transfer passages from 22 to 11 holes of

é%-inch dismeter resulted 1n a -marked increase in leakage above
the fuel~flow rate of 10CO pounds per nour.

Fuel-dlscharge restrictive orifices. - A serles of tests were
run to lnvestigate operating characteristics of a unit designed to
increase the dispersicn and atomization of the Impeller discnarge
streams. This unit -had Pestrictive orifices inserted in ths radlal-
discharge passages at the polnts of fuel ;rJection around the

impeller periphery. Orifice sets of one ig-incn- elsven f%-inch
twenty-twe %E-inch- eleven l--inch- and. twenty+two JZ -Inch-diameter

orifices were used in the same Installations. Results of thess

teste showed a conslderable increase 1n leakage for the reduced-size
orifices. The restriction of the alr flow through the 1mpeller
passages caused by the reduction in orifice area reduced the rotaticnal
suction effect through the collector cup and thus increased the
magnitude of the leakage. The total orifice area, and to a larger
extent, the area per orifice determined the maximum flow that could
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be atteined before the leakage became excessive. Of the fivoe sets

of orifices tested, the impellers with 1l orifices i inch in

diameter and 22 oriflces %E inch In dlameter were found to have
satlsfactory leakage rate of lesas than 5 percent over the noymal
englne operesting rangs.

eripheral symmetry of distribution. - No apprecieble differ-
ence 1n distribution dus to either impeller oxr collector-oup design
modifications was noted for any of the tests in which there were
11 or 22 impeller discharge orifilces, regardless of the size of the
restriction. It was found, however, that the symmetry of distribu-
tion was affected by nozzlo-ring performance, The variation in
dlstributlion symmetry in these tests was due to the ineffectiveness
of the impeller fuel-dlstribution ammulus and the collector cup as
egqualizing chambers in eliminating maldistribution of flow originating
at the nozzle ring. On the basls of these dlstribution tests, 1t
was concluded that, for a hydraulic system simllar to that of the
injection impeller designed for the engine, symmetry of peripheral
distribution was principally a function of the distribution estab-
lished at the nozzlesring discharge.

Rozzle-ring flow pattorn. - Several distribution and bench-flow
tests were conducted to investigate the correlation tetween the flow
distribution established at the nozgzle-ring discharge and that
cbtained st the Ilmreller peripkeiy. Constont-speed distribution
trends over a range of fuel flows (fig. 4(b), for example) indicated
large unlformity deviatlons at low flows with a gradually improving
discharzo symmetry with lncreasing fuel rates. This same result
was observed in bunch-flow tests of nozzle-ring flow patterns, which
roveailed a marked varlation in the uniformity of the discharge at
low rates of flcw. The nozzle-ring flow vocriation gradually improved
with increasing rates of flow until all holes were flowlng uniformly
full. Furthermors, the flow range at which all the discharge orifices
in the nczzle ring bagan to flow full was marked in the distribution
tests by a corresponding improvement in ilmpsller-discharge symmetry
with a falrly ccnsistent pattern maintained sbove that flow.

In order to check further the effectlvencss of the Iimpeller-
collector cup unit in equalizing eny asymmetry of flow origincting
at the nozzle ring, o set of tests wos run on an lnstallation In
which a marked nonuniformity of flow was created et the ring by
alternntely plugging a seriles of discharge orlflces in various
soctors of the nozzle ring. Results of this invostlgatlion rovealed
a very definite Increase 1n the doviation from average impeller
distribution over the original oper-discharge conditlon, The uniform
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spacing of a large mumber of discharge orifices of minimum area -is
therefore desirable ror insvring & uriform nozzle-ring flow pattern
and symmetrical Impeller discharge.

Distribution through lmpeller. - A fluid dye was passed through
the origlnal Impeller unit for the englne to 1ndicate the flow patterm
through the lmpeller and collector cup. The fluld raa directly from
the collector cup end fuel-transfer passage to the correspondling radlal
discharge passage; thus the dlstribution established et the exit of
the collector cup was carrled through to the impeller discharge with-
out any equalization in the impeller annulus. The entrance to the
radinl dlscharge passages In this unlt provided insufficlent restric-
tlon to cause fuel mixing or bulld-up at this polnt.

The egnallzing effect of fuel mixing in the Impelier fuel-
distributlion annulus wes Indicated by = test of the original unilt
in which only one radial discharge passago was lefs cpen. Distribu-
tion reaults revealed gocd charactei'lstics with a definite improve-
mont at low flowa., A form of annulus restrictlon at the entrance to
the dischaige paseages that would cause a cormon annuler build-up
of filuid without restricting the alr flow is tiherefore desirable.

Tho fuel-equelizing tendercies cf the unlt might also be Improved
by providing adequate fluid rotatlon in the ccllector cup and by
prcviding a chamoer in which the centrifugul forces of rotation
equalize the fluld around the circumferrence of the cup. The
collector-cup length and space available in tho unit deslgned fer
the engino were insufficlent to realize those principles completoly.

System wlth progressive meitering tc fuel-discherge pass-.ges. -
48 part of the lmpeller peripheral-distiibuticn investigation, a
further alteration wcs nade in the impeller-annulus and radial-
discharge passage entrances to provide a mere pronounced eguallzing-
chamber distributing effect. The purpvoase of this design was to
malntain a camon fuel reservolr 1n the anrulus over the full engine
cperating :ange by prcgressively restricting or metering the flow.
This fuel bulld-up was accomplished by the insertion of mutering
plugs with delivery crifices of varying ereas Intc counterbored
recesses 1n the rndicl-~dischage passage entrances, as snhown In
figure 6. Thils dosign was tased cn the tiaeory that e common fuel
build-up under the actlion of ceatrifvgal fcrce would exert an equal
discharge pressure on all delivary orifices, thue tending to equalize
any previous asymretry of flow ané to piomote a uniform perlpheral
distributicn. Alr passages wore provlded in the plug stems tc elim-
incte any restriction: tc the alr flow and thereby maintain minlmum
transfer loeakage.
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Teat results of this design inflicated that neripheral distri-
bution can be- Improved by a form of flow.restrlction and comon fusl
build-up. A 'set of tests run under bulld-up conditicns (the existence
of fuel bulld-up was verified by dye patterns) revealed a marked
improvement 1n the symmetry of the dlstribution. Maximum chamber
deviations fram perfect dlstribution were reduced over the no duild-
up corditlon from an average valus of 7.30 to 3.21 percent over the
teat range of engine operation and an improvement was realized over
the dlstribution fourd in the test of the original unit designed

for the engine (4.70-percent average maximum deviation).

It vas fonnd, unowever, tkat the slze. the number, eand tke
orlentatlion of the discharge orifices were critlcal design factors.
For the given depth of bulld-up, a change in the crifice size and
locatlon tended to suift the range in which best results were
realized. Because the bulld-up is a Punctlon of both flow rete ard
engine speed, optimum deplgn condiitlons would require a bulld-up
depth range sufficient to ralntatn the pressmre effect over the
coamplete englne operating :"ange. Further investiigatlion ind?cated
that the discharge area requiied fo:' thls Increased bulld-up depth
would be so small that cnly a limited nvmber of dlscharge orifices
would be permitted. In this case, difficulties might erlse due to
the centrifvgal seperatving action of the impeller in depositing the
sludge and lmpurities in the fuel and tc +the orifice-pliugging
tendencles of these impuritiec.

CHARACTERISTICS (OF DIRECT-FLOW IMPELLER

Results of the leakage test ccnducted on the unit In which fuel
was 1lntroduced dilrectly linto the fuel-3dlstribut’ .on annulus of the
impeller are shown 1n figure 7, The principal characterilstic of
these leakage results was the almost complete dependence of lealkage
on the rate of fuel flow for the greater por“lon of the test-flow
range. Because fuel was dellvered directly into the impeller annulvus,
the possible effects of the pumpling action of a fuel-tranafer unit
were absent. Comparison of leakage results in the direct-injectlon
(fig. 7) and the originml-design (fig. 3) installations showed the
effect of a tramsfer unit possessing insufficient pumping action.

Transfer leakage in the dlrect-flow-impeller installation was
primarily a function of nozzle-ring flow characteristics. The general
effects of norzle-ring flow varlations on leakage were similar to
those described for the originel nozzle ring designed for the double-
row radlal englne unit, In the direct-flow unit, gravitation end insuffi-
clent flow caused direct dripping down the ring Face and adhesion
of the streams to the ring surface in the low-flow range of leakage.
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At flows greater than the minimm leakage values where ring discharge
Jets were flowirs clear, the gradual rise 1n leakage was due to an
increasge In norzle-ring jet divergence, splashing, and dripping.

As only one of chis type of unit was tested, howevor, the complete
leaknge varie’one with fuel flow and engine spoed were not explored.
The lealmge rcsults of tho dlrect-flow unit over the test range of
englue operat‘on are guunerally simllar to those of the original
deslgn unlt for the englne, and therefore tne use of this simplified
design having minimum space requiremsnts for any eungine installation
in vhich it can be used would be satisfactory.

SUMMARY OF RESULTS

Mock-up tests of the NACA inJection impoller deslgned for an
18-cylinder dnuble-row radial alr-cooled engine indlcated that the
unit had the followlng hydrauliic characteristics:

1. Fuel-trausfer leaxage characteristlcs were satisfactory,
wlth a leakage of less than 5 percent over the normal operating
range. Even thils small amount of leakaoge was dlstributed with a
reasonable degree of uniformity into the impeller entrance as a fine
spray sheet,

2. Periphoral fuel dlstribution was adequately uniform over the
normal operating range with a maximum deviation of less than 5 per-
cont, Distribution improved with increasling flow but even at starting
Flows the degree of unit'ormity was satisfactory.

From test 1nvestigations of component design alteratlons of'
the mock-up injection-impeller unit, the following charecteristlics
and rosults were obtainod:

1. The combimation of 11 orifices Ils‘ inch in diameter and

22 orifices gﬁ inch in diameter in the original design unit produced
a satlsfactory leakage characteristic of lcuss than 5 porcont over
the normel engine operating range. Exceossive leakage rates werc

found with orifice sets of 1l ocnd 22 orifices éi inch in diamstor.

2. Maximum fucl-pumping action in the collector cup was found
desirable for best leakage characteristica. Improved pumplng asctlon
was obtalned with a collector cup embodying an increase in the number
end hoight of the fuel-induction vanes.
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3. Maximum nogzzle-ring discharge-Jet veloclty conslatent with
fuel-pressure limltatlions end a uniform epacing of a large number
of discharge orifices of minimwm area were found desirable for
minimum leakage rates and for a uniform nozzle-ring flow pattern.

4, Symmetry of perlpheral distribution was generally satlis-
factory for all operatlional design variations. A form of common
fuel build-up In the Impeller was found effective 1n improving
distribution symmetry results.

5. Tranafer leakage for the single design unit 1n which fuel
was dellvered directly into the distribution annulus of the Impeller
was found to be less than 5 percent 1ln the range of engine operation
at fuel flows from about 1000 to 2400 pounds per hour.

National Advisory Committee for Asronnutics,
Alrcruft Engine Research Laboratory,
Clevelund, Ohio.
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